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ROD GUIDE ASSEMBLY WITH MULTI-PIECE
VALVE ASSEMBLY

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims the benefit of U.S. Provisional
Application No. 61/787,004, filed on Mar. 15, 2013 and U.S.

Provisional Application No. 61/787,169, filed on Mar. 15,
2013. The entire disclosure of the above applications are
incorporated herein by reference.

FIELD

The present disclosure relates generally to hydraulic damp-
ers or shock absorbers for use 1n a suspension system such as
a suspension system used for automotive vehicles. More par-
ticularly, the present disclosure relates to a rod guide assem-
bly for a shock absorber.

BACKGROUND

This section provides background information related to
the present disclosure which 1s not necessarily prior art.

Shock absorbers are used in conjunction with automotive
suspension systems to absorb unwanted vibrations that occur
during driving. To absorb the unwanted vibrations, shock
absorbers are generally connected between the sprung por-
tion (body) and the unsprung portion (suspension) of the
automobile. A piston 1s located within a pressure tube of the
shock absorber and the pressure tube 1s connected to the
unsprung portion of the vehicle. The piston 1s connected to the
sprung portion of the automobile through a piston rod that
extends through the pressure tube. The piston divides the
pressure tube into an upper working chamber and a lower
working chamber both of which are filled with hydraulic
fluid. Through valving, the piston 1s able to limit the flow of
the hydraulic fluid between the upper and the lower working,
chambers when the shock absorber 1s compressed or
extended, to thereby produce a damping force which coun-
teracts the vibration which would otherwise be transmitted
from the unsprung portion to the sprung portion of the
vehicle. In a dual-tube shock absorber, a fluid reservoir or
reserve chamber 1s defined between the pressure tube and a
reserve tube. A base valve 1s located between the lower work-
ing chamber and the reserve chamber to also produce a damp-
ing force which counteracts the vibrations which would oth-
erwise be transmitted from the unsprung portion of the
vehicle to the sprung portion of the automobile.

As described above, for a dual-tube shock absorber, the
valving on the piston limits the tlow of damping tluid between
the upper and lower working chambers when the shock
absorber 1s extended to produce a damping load. The valving
on the base valve limits the flow of damping fluid between the
lower working chamber and the reserve chamber when the
shock absorber 1s compressed to produce a damping load. In
a mono-tube shock absorber, the valving on the piston limaits
the tlow of damping fluid between the upper and lower work-
ing chambers when the shock absorber 1s extended or com-
pressed to produce a damping load. As the vehicle travels
along the road surface, the suspension system moves 1n
jounce (compression) and rebound (extension). During
jounce movements, the shock absorber 1s compressed causing,
damping fluid to move through the base valve in a dual-tube
shock absorber or through the piston valve 1n a mono-tube
shock absorber. A damping valve located on the base valve or
the piston controls the flow of damping fluid and thus the
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damping force created. During rebound movements, the
shock absorber 1s extended, causing damping fluid to move

through the piston in both the dual-tube shock absorber and
the mono-tube shock absorber. A damping valve located on
the piston controls the flow of damping fluid and thus the
damping force created.

In a dual-tube shock absorber, the piston and the base valve
normally include a plurality of compression passages and a
plurality of extension passages. During jounce or compres-
sion movements 1n a dual-tube shock absorber, the damping
valve or the base valve opens the compression passages in the
base valve to control fluid tlow and produce a damping load.
A check valve on the piston opens the compression passages
in the piston to replace damping fluid 1n the upper working
chamber but this check valve does not contribute to the damp-
ing load. The damping valve on the piston closes the exten-
sion passages ol the piston and a check valve on the base valve
closes the extension passages of the base valve during a
compression movement. During rebound or extension move-
ments 1n a dual-tube shock absorber, the damping valve on the
piston opens the extension passages in the piston to control
fluad flow and produce a damping load. A check valve on the
base valve opens the extension passages in the base valve to
replace damping tluid in the lower working chamber but this
check valve does not contribute to the damping load.

In a mono-tube shock absorber, the piston normally
includes a plurality of compression passages and a plurality
of extension passages. The shock absorber will also include
means for compensating for the rod volume flow of fluid as 1s
well known 1n the art. During jounce or compression move-
ments 1n a mono-tube shock absorber, the compression damp-
ing valve on the piston opens the compression passages in the
piston to control fluid flow and produce a damping load. The
extension damping valve on the piston closes the extension
passages of the piston during a jounce movement. During
rebound or extension movements in a mono-tube shock
absorber, the extension damping valve on the piston opens the
extension passages in the piston to control fluid flow and
produce a damping load. The compression damping valve on
the piston closes the compression passages of the piston dur-
ing a rebound movement.

For most dampers, the damping valves are designed as a
normal open/close valve even though some valves may
include a bleed tlow of damping tluid. Because of this open/
close design, these passive valve systems are limited 1n their
ability to adjust the generated damping load 1n response to
various operating conditions of the vehicle. Accordingly,
some valves have been designed to include a bleed flow of
damping fluid, such as 1n Applicant/ Assignee’s commonly
owned U.S. Pat. No. 8,616,351. While this type of design
works effectively, it requires high precision components that
are manufactured with tight tolerances.

SUMMARY
This section provides a general summary of the disclosure,
and 1s not a comprehensive disclosure of 1ts full scope or all of
its features.

The present disclosure provides for a shock absorber. The
shock absorber includes a piston rod, a first rod guide mem-
ber, a second rod guide member, and an electronically con-
trolled valve assembly. The first rod guide member 1s concen-
trically disposed about the piston rod. The second rod guide
member 1s concentrically disposed about the piston rod and
adjacent the first rod guide member.

The electronically controlled valve assembly includes a
coil assembly and a valve guide assembly. The coil assembly
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may have at least one coil fixedly disposed along an annular
member. The valve guide assembly 1s disposed adjacent to the
coil assembly and 1s concentrically disposed about the second
rod guide member. The valve guide assembly includes a spool
and defines a valve 1nlet, a valve outlet, and a chamber. The
spool 1s disposed within the chamber and controls the tlow of
fluid between the valve inlet and the valve outlet.

The present disclosure further provides for a shock
absorber that includes a piston rod, a first rod guide member,
a second rod guide member, and an electronically controlled
valve assembly. The first rod guide member 1s concentrically
disposed about the piston rod. The second rod guide member
1s concentrically disposed about the piston rod and 1s adjacent
to the first rod guide member.

The electronically controlled valve assembly includes a
solenoid assembly and a valve guide assembly. The solenoid
assembly 1s disposed between the first rod guide member and
the second rod guide member. The valve guide assembly
includes a spool and 1s concentrically disposed about the
second rod guide member. The valve guide assembly defines
a valve 1inlet, a valve outlet, and a chamber. The spool 1s
disposed within the chamber and abuts with the solenoid
assembly. The solenoid assembly controls an axial travel of
the spool, and the spool controls the flow of fluid between the
valve 1nlet and the valve outlet.

Further areas of applicability will become apparent from
the description provided herein. The description and specific
examples 1n this summary are mntended for purposes of 1llus-

tration only and are not intended to limit the scope of the
present disclosure.

DRAWINGS

The drawings described herein are for illustrative purposes
only of selected embodiments and not all possible implemen-
tations, and are not intended to limit the scope of the present
disclosure.

FI1G. 1 1s an 1llustration of a vehicle having shock absorbers
which incorporate a rod guide assembly 1n accordance with
the present disclosure;

FIG. 2 1s partial-cross-sectional view of a shock absorber;

FIG. 3 1s an enlarged side view of a rod guide assembly
disposed within a reserve tube of the shock absorber;

FIG. 4 1s an enlarged side view of the rod guide assembly
of the shock absorber;

FI1G. 51s an enlarged cross-sectional view of a first example
of a rod guide assembly for the shock absorber;

FIG. 6 1s an enlarged cross-sectional view of a drain pas-
sage of the rod guide assembly of FIG. 5;

FI1G. 7 1s an exploded view of the rod guide assembly of
FIG. §;

FIG. 8 1s an exploded view of a lower rod guide and valve
assembly of the rod guide assembly of FIG. 5;

FIG. 9 1s an enlarged view of the lower rod guide;

FIGS. 10 and 11 are enlarged views of a wire assembly;

FIG. 12 illustrates a coil assembly having a thin annular
body;

FIGS. 13A and 13B illustrate a valve flow guide having
multiple rings and a metering sleeve;

FIG. 14 1llustrates an orifice tube;

FI1G. 15 illustrates a printed circuit board locator which has
tabs along 1ts inner and outer diameters;

FIG. 16 1s an enlarged cross-sectional view of a second
example of a rod guide assembly for the shock absorber;

FI1G. 17 1s an exploded view of the rod guide assembly of
FIG. 16;
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FIG. 18 1s an exploded view of a lower rod guide and valve
assembly of the rod guide assembly of FIG. 16;

FIG. 19 1s an enlarged cross-sectional view of a third
example of a rod guide assembly for the shock absorber; and

FIG. 20. 1s an exploded view of the rod guide assembly of
FIG. 19.

Corresponding reference numerals indicate corresponding,
parts throughout the several views of the drawings.

DETAILED DESCRIPTION

The following description 1s merely exemplary 1n nature
and 1s not intended to limit the present disclosure, application,
or uses. With reference to FIG. 1, a vehicle 10 incorporating
a suspension system having shock absorbers in accordance
with the present invention 1s presented. The vehicle 10 has
been depicted as a passenger car having front and rear axle
assemblies. However, shock absorbers 1n accordance with the
present invention may be used with other types of vehicles or
in other types of applications. Examples of these alternate
arrangements include, but are not limited to, vehicles incor-
porating non-independent front and/or non-independent rear
suspensions, vehicles incorporating independent front and/or
independent rear suspensions or other suspension systems
known 1n the art. Further, the term “shock absorber” as used
herein 1s meant to refer to dampers 1n general and thus will
include McPherson struts and other damper designs known 1n
the art.

The vehicle 10 includes a rear suspension 12, a front sus-
pension 14, and a body 16. The rear suspension 12 has a
transversely extending rear axle assembly (not shown)
adapted to operatively support a pair of rear wheels 18. The
rear axle1s attached to the body 16 by means of a pair of shock
absorbers 20 and by a pair of springs 22. Similarly, the front
suspension 14 includes a transversely extending front axle
assembly (not shown) for operatively supporting a pair of
front wheels 24. The front axle assembly 1s attached to the
body 16 by means of a pair of shock absorbers 26 and by a pair
of springs 28. Shock absorbers 20, 26 serve to dampen the
relative motion of the unsprung portion (1.e., rear and front
suspensions 12, 14) with respect to the sprung portion (1.e.,
body 16) of vehicle 10.

Referring now to FI1G. 2, the shock absorber 20 1s shown 1n
greater detail. While FIG. 2 1llustrates only shock absorber
20, 1t 1s to be understood that shock absorber 26 1s substan-
tially stmilar to shock absorber 20. Shock absorber 26 differs
from shock absorber 20 only in the manner in which 1t 1s
adapted to be connected to the sprung and unsprung masses of
the vehicle 10. The shock absorber 20 comprises a pressure
tube 30, a piston assembly 32, a piston rod 34, a reserve tube
36, a base valve assembly 38, and a rod guide assembly 100.

The pressure tube 30 defines a working chamber 42. The
piston assembly 32 is slidably disposed within the pressure
tube 30 and divides the working chamber 42 1nto an upper
working chamber 44 and a lower working chamber 46. A seal
48 1s disposed between the piston assembly 32 and the pres-
sure tube 30 to permit sliding movement of the piston assem-
bly 32 with respect to the pressure tube 30 without generating
undue frictional forces. The seal 48 also works to seal the
upper working chamber 44 from the lower working chamber
46.

The piston rod 34 1s attached to the piston assembly 32 and
extends through the upper working chamber 44 and through
the rod guide assembly 100. The end of the piston rod 34
opposite to the piston assembly 32 is adapted to be secured to
the sprung mass of the vehicle 10. Valving within the piston
assembly 32 controls the movement of fluid between the
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upper working chamber 44 and the lower working chamber
46 during movement of the piston assembly 32 within the
pressure tube 30. Movement of the piston assembly 32 with
respect to the pressure tube 30 causes a difference in the
amount of fluid displaced 1n the upper working chamber 44
and the amount of fluid displaced 1n the lower working cham-
ber 46. This 1s primarily because the piston rod 34 extends
only through the upper working chamber 44 and not through
the lower working chamber 46. The difference in the amount
of fluid displaced which flows through the base valve assem-
bly 38 1s known as the “rod volume”.

The reserve tube 36 surrounds the pressure tube 30 to
define a fluid reservoir chamber 50 located between tubes 30,
36. The bottom end of the reserve tube 36 1s closed by a base
cup 52 which 1s adapted to be connected to the unsprung mass
of the vehicle 10. The upper end of the reserve tube 36 may
extend to the rod guide assembly 100.

The base valve assembly 38 1s disposed between the lower

working chamber 46 and the reservoir chamber 50 to control
the flow of fluid between chambers 46, 50. When the shock

absorber 20 extends 1n length, an additional volume of fluid 1s
needed 1n the lower working chamber 46. Thus, fluid will tlow
from the reservoir chamber 50 to the lower working chamber
46 through the base valve assembly 38. Conversely, when the
shock absorber 20 compresses in length (1.e., when the piston
rod 34 moves toward the base valve assembly 38), an excess
of fluid must be removed from the lower working chamber 46.
Thus, fluid will flow from the lower working chamber 46 to
the reservoir chamber 50 through the base valve assembly 38.

With reference to FIGS. 3-9, an example of the rod guide
assembly 100 1s now presented. The rod guide assembly 100
1s disposed within the reserve tube 36. A load ring 54 secures
the rod guide assembly 100 within the reserve tube 36. The
rod guide assembly 100 i1ncludes a seal 102, an upper rod
guide 104 (i.e., a first rod guide member), a lower rod guide
106 (i.e., a second rod gumide member), a valve assembly 108,
and printed circuit board (PCB) assembly 112. The valve
assembly 108 forms one or more electronically controlled
valves 114.

The seal 102 1s disposed at an outer surface of the upper rod
guide 104. The upper rod guide 104 may have a substantially
cylindrical shaped body with a central shaft 116 that defines
a central aperture 118. The upper rod guide 104 defines a seal
cavity 117 which 1s concentrically arranged about the central
aperture 118 for accommodating the seal 102. An outer wall
120 of the upper rod gmde 104 defines a slot 122 which
accommodates a wire assembly 123. The upper rod guide 104
may be made of metal.

A bearing 124 1s disposed within the central shaft 116 of
the upper rod guide 104. More particularly, the bearing 124
may be pressed-fit within the central shait 116 about the
central aperture 118. The bearing 124 supports the sliding
motion of the piston rod 34.

The lower rod guide 106 may also have a substantially
cylindrical shaped body with a central shaft 126 and an outer
band 127 extending from the central shaft 126. The outer band
1277 and the central shaft 126 define a space 129. The central
shaft 126 defines a central aperture 128 which aligns with the
central aperture 118 of the upper rod guide 104. The pressure
tube 30 1s fixedly coupled to the central shaft 126. The central
shaft 126 defines a radial port 130. The number of radial ports
130 defined equals the number of electronically controlled
valves 114 in the valve assembly 108. The lower rod guide
106 may also define one or more drainback ports 132 at the
central shatt 126 and one or more drainback slots 134 defined

at the outer band 127 (FIG. 6).
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A slip ring 136 and an orfice tube 138 are disposed within
the central shait 126 of the lower rod guide 106. Specifically,
the slip ring 136 and the orifice tube 138 may be pressed-fit
within the central shaft 126. The orifice tube 138 defines a
hole 140 which aligns with the radial port 130 of the lower rod
guide 106. Similar to the radial port 130, the number of holes
140 equals the number of electronically controlled valves
114. The holes 140 and the radial ports 130 fluidly couple the
clectronically controlled valves 114 to the working chamber
42. The holes 140 control the fluid flow rate characteristics of
the electronically controlled valves 114. The holes 140 may
have different diameters, thereby providing different discrete
flow areas. The orifice tube 138 may also have a shoulder or
an integral lip which provides a retention feature for the slip
ring 136. The orifice tube 138 may be made of metal.

In the example embodiment, the valve assembly 108 has
four electronically controlled valves 114. The valve assembly
108 1includes a coil assembly 142, a valve flow guide 144, and
one or more spools 146. The coil assembly 142 includes one
or more coils 148 which are aligned and coupled to each other
via an annular body 150. More particularly, in the example
embodiment, four coils 148 are individually wound and then
aligned relative to one another. Once aligned, the coils 148
may then be molded with a polymer material which forms the
annular body 150. A terminal 151 of the coils extend from the
annular body 150.

The coil assembly 142 may also imnclude one or more drain-
back slots 152 defined along a base 154 of the annular body

150. When assembled, the drainback slots 152 along the coil
assembly 142 and the drainback ports 132 and the drain back
slots 134 defined on the lower rod guide 106 align to form a
drainback passage 156 (FIG. 6). The drainback passage 156
forms a tlow path between a chamber formed between the seal
102 and the slip ring 136 to the reservoir chamber 50 of the
shock absorber 20. Accordingly, the drainback passage 156
prevents hydraulic fluid from accumulating between the seal
102 and the slip ring 136.

The coil assembly 142 1s arranged within the space 129
defined by the lower rod guide 106. More particularly, the
terminal 151 of each of the coils 148 extends through a
terminal slot 158 defined by the lower rod guide 106. An
o-ring 160 may be disposed between the lower rod guide 106
and the annular body 150 for each terminal 151 of the coil
assembly 142.

The valve flow guide 144 defines a spool chamber 162, a
valve inlet 164, and valve outlet 166. More particularly, the
valve flow guide 144 includes at least two valve outlet rings
168, at least two metering rings 170, and a valve inletring 172
(FIGS. 5 and 8). Each of the rings 168, 170, 172 defines a
spool hole 174. The valve outlet rings 168 define an outlet
port 176, and the valve inlet ring 172 defines an inlet port 178.
The metering rings 170 have metering edges 179 that align
with metering lands 175 of the spool 146 to control the fluid
flow 1n the open/closed valve positions (FIG. 5). The rings
168, 170, 172 are stacked in the following order: one valve
outlet ring 168, one metering ring 170, the valve inlet ring
172, one metering ring 170, and one valve outlet ring 168.
When stacked, the spool holes 174 defined by each ring 168,
170, 172 align to form the spool chamber 162. Similarly, the
inlet port 178 forms the valve inlet 164 and the outlet ports
176 form the valve outlet 166.

In the example embodiment, the metering rings 170 are
separate from the valve outlet rings 168 and the valve inlet
ring 172. Alternatively, the metering rings 170 may be inte-
gral with or coupled with the valve outlet ring 168 and/or the
valve ilet ring 172. Specifically, the metering land 179 may
be provided with the valve outlet rings 168 and/or the valve
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inlet rings 172. For example, one metering ring 170 may be
fixed to one of the valve outlet rings 168 and the other meter-
ing ring 170 may be fixed to the valve inlet ring 172, such that
the metering rings 170 are between the valve inlet ring 172
and the valve outlet rings 168.

By way of another example, both metering rings 170 may
be fixed to the valve inlet rnings 172, such that one metering,
ring 170 1s disposed on a first side of the valve ilet ring 172
and the other ring 170 1s disposed on a second side opposite
the first side of the valve inlet ring 172. By having the meter-
ing rings 170 integral with the valve outlet rings 168 and/or
valve ilet rings 172, the rings 168, 172 would be stacked in
the following order: one valve outlet ring 168, the valve inlet
ring 172, and the other valve outlet ring 168.

As another variation, in lieu of coupling the metering ring
with the valve outlet ring and/or valve inlet ring, the valve
outlet ring and/or the valve inlet ring may be configured to
include a metering edge which aligns with a metering land of
the spool. Thus, the valve flow guide may be a multiple piece
assembly which forms the valve inlet, the valve outlets, and
provides a metering edge for the spools.

The valve tlow guide 144 defines the spool chamber 162,
the valve 1nlet 164, and the valve outlet 166 for each of the
clectronically controlled valves 114 of the valve assembly
108. Accordingly, 1n the example embodiment, each of the
rings 168, 170, 172 defines four spool holes 174, each of the
valve outlet rings 168 define four outlet ports 176, and the
valve ilet ring 172 defines four inlet ports 178.

The valve flow guide 144 and a stop plate 180 are arranged
around the central shait 126 of the lower rod guide 106. The
stop plate 180 1s positioned below the valve flow guide 144
and forms the bottom surface of the valve flow guide 144. The
stop plate 180 further retains the spool 146, such that the
spool 146 travels axially within the spool chamber 162
between the coil assembly 142 and the stop plate 180.

An outlet reservoir 182 1s arranged around the central shaft
126 of the lower rod guide 106 and 1s retained to the lower rod
guide 106 by the stop plate 180. The outlet reservoir 182
extends substantially up to and around the valve tlow guide
144. Specifically, the outlet reservoir 182 may extend sub-
stantially to the valve outlet ring 168 closest to the coil assem-
bly 142. The outlet reservoirr 182 maintains a volume of
hydraulic flmid around the valve tflow guide 144. The level of
fluid contained by the outlet reservoir 182 1s above the valve
outlet 166 of the electronically controlled valve 114, thereby
ensuring that the valve outlet 166 and the valve inlet 164 are
in direct fliid communication which prevents aeration. The
outlet reservoir 182 maintains the proper fluid level and
allows any additional fluid volume to be returned to the res-
ervoir chamber 50 of the shock absorber 20. The outlet res-
ervoir 182 and the stop plate 180 may be made of plastic or
metal.

The PCB assembly 112 1s disposed between the upper rod
guide 104 and the lower rod guide 106. The PCB assembly
112 1s aligned to receive the terminals 151 of the coil assem-
bly 142. The PCB assembly 112 includes a PCB locator 184,
the wire assembly 123, and a PCB 186. The PCB 186 has an
annular shape and defines one or more holes 188. The PCB
turther includes the wire assembly 123 which 1s fixedly
coupled to the PCB 186.

The PCB locator 184 has a first ring 190 and a second ring
192 which are radially coupled via one or more stems 194.
The first ring 190 has a smaller diameter than the second ring
192. The PCB locator 184 may include one or more alignment
pins 196 which align with the holes 188 on the PCB 186. The
alignment pin 196 and the holes 188 define the correct orien-
tation of the PCB 186. The PCB locator 184 may also include
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a guide tab 198 provided along the second ring 192. The guide
tab 198 aids 1n the alignment of the PCB assembly 112 with
the slot 122 of the upperrod guide 104. The guide tab 198 may
also form a support surface for an outer o-ring 200 disposed
along an outer surface of the lower rod guide 106.

Two o-rings 202, 204 are disposed between the PCB 186
and the PCB locator 184. More particularly, the first ring 190
of the PCB locator 184 may define an inner groove 206 and
the second ring 192 may define an outer groove 208. One
o-ring 202 1s positioned at the inner groove 206 and the other
o-ring 204 1s positioned at the outer groove 208. The PCB 186
1s disposed on top of the PCB locator 184 with the o-rings
202, 204 disposed between the PCB locator 184 and the PCB
186. The o-rings 202, 204 1solate the PCB 186 {from vibra-
tions, and the o-rings 202, 204 and the grooves 206, 208

support an 1nner diameter and an outer diameter of the PCB
186.

The PCB 186 may be used to provide power to actuate the
clectronically controlled valves 114 of the valve assembly
108. For example, each electronically controlled valve 114
may be a two position valve which has a different flow area in
cach of the two positions. Each electronically controlled
valve 114 1s electrically coupled to the PCB 186. For
example, the coils 148 of the coil assembly 142 are electr-
cally coupled to the PCB 186.

For a given electronically controlled valve 114, the valve
inlet 164 of the electronically controlled valve 114 aligns with
a respective hole 140 defined by the orifice tube 138 and a
respective radial port 130 defined by the lower rod guide 106.
The spool 146 moves 1n a sliding motion 1n the spool chamber
162. A return spring 210 1s disposed within the spool 146. For
example, the return spring 210 may be pressed-fit into an
opening of the spool 146. The spool 146 1s positioned adja-
cent to the coil 148, such that return spring 210 1s positioned
between the spool 146 and the coil 148.

When there 1s no power provided to the coil assembly 142,
the damping characteristics will be defined by the flow area of
the electronically controlled valve 114 1n a first position. The
movement of the spool 146 1s controlled by supplying power
to the coil 148 to move the electronically controlled valve 114
to a second position. The electronically controlled valve 114
can be kept in the second position by continuing to supply
power to the coil 148 or by providing means for retaining the
clectronically controlled valve 114 1n the second position and
discontinuing the supply of power to the coil 148. The means
for retaining the electronically controlled valve 114 in the
second position can include mechanical means, magnetic
means or other means known 1n the art.

Once 1n the second position, movement to the first position
can be accomplished by terminating power to the coil 148 or
by reversing the current or reversing the polarity of the power
supplied to the co1l 148 to overcome the retaining means. The
amount of flow through the electronically controlled valve
114 has discrete settings for flow control in both the first
position and the second position.

It should be understood that when multiple electronically
controlled valves 114 are used as part of the valve assembly
108, each electronically controlled valve 114 may have a
different flow area in one or both positions. By having a
different flow area 1n one or both positions, the total flow area
through the plurality of electronically controlled valves 114
can be set at a specific number of total flow areas depending
on the position of each electronically controlled valve. Each
clectronically controlled valve 114 can have a different flow
area, the combinations thereof can determine the total flow
area available.
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With reference to FIGS. 10 and 11, the wire assembly 123
has a connector 212 which 1s fixedly coupled to a cable 214.
The connector 212 may be, for example, molded onto the
cable 214 or molded separately, then bonded to the cable 214.
The cable 214 includes multiple wires which are coupled to
the PCB 186. The connector 212 1s configured to seal to
various 1nterfaces such that particles and/or fluids may not
enter the shock absorber 20 and fluid may not leak from the
shock absorber 20. Specifically, the connector 212 1s posi-

tioned in the slot 122 of the upper rod gmide 104 (FIGS. 4 and
5) and a slot 216 of the reserve tube 36 (FIG. 3). The connec-
tor 212 forms a seal around with the load ring 54, the upper
rod guide 104, and the reserve tube 36. The connector 212
may include an inner member 218, a middle member 220 and
an outer member 222. The inner member 218, the middle
member 220 and the outer member 222 form a groove 224
that extends along three sides of the connector 212.

The inner member 218 aligns with the guide tab 198 of the
PCB locator 184 and the slot 122 of the upper rod guide 104.
The portion of the outer wall 120 of the upper rod guide 104
that forms the slot 122 aligns with a first side 226 of the
connector 212 formed by the inner member 218 and the
middle member 220. A tab 228 of the load ring 54 1s disposed
on top of the middle member 220.

The connector 212 interfaces with an inner surface of the
reserve tube 36, such that the slot 216 of the reserve tube 36
receives the connector 212 and an edge of the reserve tube 36
that defines the slot 216 aligns within the groove 224 of the
connector 212. The outer member 222 of the connector 212 1s
configured to abut with an outer surface of the reserve tube 36
and extends over the slot 216 of the reserve tube 36.

For ease of manufacturing the rod guide assembly 100, an
alignment feature, such as an alignment slot 230 may be
defined on the components. For example, the upper rod guide
104, the lower rod guide 106, the coil assembly 142, each of
the rings 168, 170, 172 of the valve flow gmide 144 and the
orifice tube 138, may have an alignment slot 230 to ensure
proper orientation of the components with respect to one
another. To properly orientate the PCB assembly 112 onto the
lower rod guide 106, the PCB locator 184 may include a tab
232 (FIGS. 7 and 15) that aligns with a depression 234
defined on the lower rod guide 106.

In the example embodiment, the coil assembly 142 1s
depicted as having a thick annular body 150 which substan-
tially encases the coils 148. Alternatively, the valve assembly
108 may include a coil assembly 240 which has an annular
body 242, as shown in FIG. 12. The annular body 242 1s
thinner than the annular body 150 which may reduce the cost
of the coil assembly. Both annular bodies 150, 242 align the
coils 148 relative to each other and secure the coils 148 1n
position. Accordingly, the annular body of the coil assembly
may be configured in various suitable shapes to align and
couple the coils and 1s not limited to the figures shown herein.

In the example embodiment the valve assembly 108
includes the valve flow guide 144 which includes rings 168,
170,172. Alternatively the valve assembly 108 may include a
valve tlow guide 244 shown in FIGS. 13A-13B. The valve
flow guide 244 also defines a spool chamber 246, a valve inlet
248, and valve outlet 250. More particularly, the valve flow
guide 244 includes at least two valve outlets rings 252, a valve
inlet ring 254, and one or more metering sleeves 256. The
number of metering sleeves 256 1s equal to the number of
clectronically controlled valves 114. The metering sleeves
256 replace the metering rings 170 of the valve flow guide
144. Similar to the metering rings 170, the metering sleeves
256 have metering edges 257 which align with or overlap with
the metering lands 175 of the spool 146 to control the flow of
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fluid 1n the open/closed valve positions. The metering sleeves
256 are disposed 1n the spool chamber 246 defined by the
valve outlet rings 252 and the valve inlet ring 254. The meter-
ing sleeve 256 may be fixedly coupled to one of the rings 250,
254, such as the valve inlet ring 254 to secure the alignment of

the metering sleeve 256 with the valve outlet 250 and the vale
inlet 248.
In the example embodiment, the orifice tube 138 1s dis-

posed within the central shait 126 of the lower rod guide 106.
Alternatively, the onfice tube may be arranged on an outer
surface of the central shait 126. For example, with reference
to FIG. 14, an orifice tube 258 may be utilized 1n lieu of the
orifice tube 138. The orifice tube 258 defines the holes 140
which align with the radial port 130 of the lower rod guide
106. The orifice tube 258 may have a cylindrical body 260

with an annular plate 262 extending from the cylindrical body
260. The annular plate 262 acts like a stop plate for the spool
146 of the valve assembly 108, thereby removing the need for
the stop plate 180. By having the orifice tube 258, the slip ring
136 may be retained within the lower rod guide 106 via a
retainer ring. With the orifice tube 258 the outlet reservoir 182
1s coupled to the orifice tube 2358 1n a manner similar to the
stop plate 180. For example, the outlet reservoir 182 may be
pressed-1it to the orifice tube 238.

In the example embodiment, the PCB locator 184 has the
inner groove 206 and the outer groove 208 which support the
o-rings 202, 204 and the PCB 186. Alternatively, the PCB
assembly 112 may include a PCB locator 264 as shown 1n
FIG. 15. The PCB locator 264 has multiple tabs 266 that
extend from the inner surface of a first ring 268 and the outer
surface of a second ring 270. The tabs 266 support the PCB
186 and 1solate the PCB 186 from vibrations. Accordingly,
with the PCB locator 264, the PCB assembly 112 may not
need o-rings 202, 204.

The rod guide assembly 100 utilizes a multi-piece valve
assembly for the electronically controlled valves. More par-
ticularly, the valve flow gude eliminates the internally
machined grooves for forming the valve inlet, valve outlet and
the metering edges, thereby reducing the cost of the electroni-
cally controlled valve. Furthermore, the multi-piece valve
assembly aligns and couples the coils of the electronically
control valves disposed in the shock absorber by way of an
annular body formed around the coils. Such a configuration
ensures proper alignment of the coils with other component,
such as the PCB and the spool.

As an alternative to the rod guide assembly 100, the shock
absorbers 20, 26 may include a rod gmide assembly 300
shown in FIGS. 16-18. Similar to the rod guide assembly 100,
the rod guide assembly 300 1s disposed within the reserve
tube 36 and 1s secured by the load ring 54. It 1s readily
understood that components having similar names for the
various embodiments perform in a similar manner. Accord-
ingly, for purposes of brevity, details regarding such compo-
nent may not be described again.

The rod guide assembly 300 1includes a seal 302, an upper
rod guide 304, a lower rod guide 306, a valve assembly 308,
and a printed circuit board (PCB) assembly 312. The valve
assembly 308 forms one or more electronically controlled
valves 314. In the example embodiment, the valve assembly
308 has four electronically controlled valves 314.

The seal 302 1s disposed between the upper rod guide 304
and the lower rod guide 306. The upper rod guide 304 may
have a body simailar to the upper rod guide 104. Specifically,
the upper rod guide 304 may have a substantially cylindrical
shaped body with a central shaft 316 that defines a central
aperture 318. An outer wall 320 of the upper rod guide 304
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defines the slot 321 which accommodates the wire assembly
123. The bearing 124 1s disposed within the central shait 316
of the upper rod guide 304.

The lower rod guide 306 has a central shaft 322 with an
annular shoulder 324 extending from the central shaft 322.
The central shaft 322 defines a central aperture 326 which
aligns with the central aperture 318 of the upper rod guide
304. The pressure tube 30 1s fixedly coupled to the central
shaft 322. The central shaft 322 defines one or more radial
ports 130. The annular shoulder 324 of the lower rod guide
306 defines a seal cavity 330 which 1s concentrically arranged
about the central aperture 326 for accommodating the seal
302. The annular shoulder 324 also defines one or more
dramnback ports 332 that extend from the seal cavity 330 to the
outer diameter of the annular shoulder 324. Similar to the
drainback passage 156, the draimnback port 332 forms a flow
path between a chamber formed between the seal 302 and the
slip ring 136 to the reservoir chamber 50 of the shock
absorber 20, thereby preventing hydraulic fluid from accu-
mulating between the seal 302 and the slip ring 136.

The slip nng 136 and a retainer ring 334 are disposed
within the central shait 322 of the lower rod guide 306. In the
example embodiment, the rod guide assembly 300 includes
the orifice tube 258, which 1s arranged along the outer surface
of the central shaft 322. Alternatively, the rod guide assembly
300 may include the orifice tube 138. With the orifice tube
138, the retamner ring 334 may be removed. As described
above, the orifice tube 258 defines the holes 140 which aligns
with the radial port 130 of the lower rod guide 306.

The rod guide assembly 300 further includes the PCB
assembly 312. The PCB assembly 312 includes a PCB 336
and the wire assembly 123. The wire assembly 123 1s dis-
posed 1n the rod guide assembly 300 1n a stmilar manner as in
the rod guide assembly 100. The PCB 336 further includes
one or more coils 338 which are wired directly the PCB 336.
The number of coils 338 utilized 1s equal to the number of
clectronically controlled valves 314 of the valve assembly
308. Accordingly, in the example embodiment four coils 338
are coupled to the PCB 336. The PCB 336 may be 1solated
from vibration from the upper rod guide 304 via i1solation
o-rings 335, 337 which are disposed between the PCB assem-
bly 312 and the upper rod guide 304 along the inner diameter
and the outer diameter of the PCB assembly 312, respectively.

The PCB assembly 312 1s disposed 1in a PCB retainer 340
which may be made of metal or plastic. The PCB retainer 340

defines multiple cavities and counter bores for housing the
PCB 336. For example, the PCB retainer 340 includes a bore

342 for housing the coil 338. The PCB retainer 340 circum-
terentially encloses and 1solates the PCB assembly 312. The
PCB retainer 340 further locates and aligns the wire assembly
123 with the upper rod guide 304, and forms an enclosure
between the upper rod guide 304 and the lower rod guide 306.
The PCB retainer 340 also interfaces with the seal 302 and
retains the o-ring 200 disposed on a surface of the lower rod
guide 306.

In the example embodiment, the valve assembly 308
includes one or more solenoid assemblies 343 and one or
more spools 346. The solenoid assembly 343 includes the coil
338 and an actuating pin assembly 344. To retain the spools
346 within the valve flow guide 244, a stop plate 348 1is
disposed between the lower rod guide 306 and the valve flow
guide 244. While in the example embodiment the valve
assembly 308 utilizes the valve flow guide 244, the valve
assembly 308 may alternatively use the valve tlow guide 144.
Furthermore, the valve flow guide of the rod guide assembly
300 may be made of plastic, ceramic, or a non-magnetic
metal.
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In the example embodiment four actuating pin assemblies
344 are provided; one for each electronically controlled valve
314. Each actuating pin assembly 344 includes an actuating
pin 350 and a returning spring 352. The actuating pin 350 1s
disposed between the coil 338 and the spool 346. The actu-
ating pin 350 extends through the lower rod guide 306 via an
opening 351 defined by the lower rod guide 306. The return-
ing spring 352 is disposed around the actuating pin and 1s
adjacent to the spool 346. The returning spring 352 exerts a
force upon the actuating pin 350 to hold the actuating pin 350
down and away from the coil 338. The actuating pin 350 can
be made of a magnetic materal.

The spool 346 1s disposed within the spool chamber 246 of
the valve tlow guide 244. The spool 346 moves axially within
the spool chamber 246 between the stop plate 348 and the
orifice tube 258. A push spring 354 1s disposed within the
spool 346 at an end of the spool 346 opposite from the actu-
ating pin 350. The push spring 354 exerts a force upon the
spool 346 such that the spool 346 1s continuously contacting
the actuating pin 350. The spool 346 can be made of metal or
plastic.

Similar to the rod guide assembly 100, the rod guide
assembly 300 further includes an outlet reservoir 310, which
1s arranged around the lower rod guide 306. The outlet reser-
voir 310 extends substantially up to and around the valve tlow
guide 244 and 1s retained by way of the orifice tube 258.

For a given electronically controlled valve 314, when there
1s no power provided to the coil 338, the damping character-
1stics will be defined by the tlow area of the electronically
controlled valves 314 1n a first position. The movement of the
spool 346 1s controlled by the coil 338 and the actuating pin
assembly 344. More particularly, the actuating pin assembly
344 15 clectromechanically actuated by the coil 338 which 1s
in the upper rod guide 304. When power 1s supplied to the coil
338, the coil 338 generates a magnetic flux field that attracts
the actuating pin 350. The actuating pin 350 1s displaced until
it 1s adjacent to the coil 338, thereby closing an air gap
between the coil 338 and the actuating pin 350. The spool 346
which 1s 1 contact with the actuating pin 350 1s also dis-
placed, thereby placing the electronically controlled valve
314 1n a second position. The electronically controlled valve
314 can be keptin the second position by continuing to supply
power to the coi1l 338 or by providing a means for retaining the
clectronically controlled valve 314 1n the second position and
discontinuing the supply of power to the coil 338. The means
for retaining the electronically controlled valve 314 in the
second position can include mechanical means, magnetic
means or other means known 1n the art.

Once 1n the second position, movement to the first position
can be accomplished by terminating power to the coil 338 or
by reversing the current or reversing the polarity of the power
supplied to the coil 338 to overcome the retaining means.
Once power to coil 338 1s removed/reversed, the magnet flux
dissipates and the actuating pin 1s displaced to its original
position via the return spring 352. Accordingly, the spool 346
which 1s continuously 1n contact with the actuating pin 350 1s
also displaced to its original position. Both the return spring
352 and the push spring 354 place an axial force on their
respective components (1.€., actuating pin 350 and spool 346).
The net difference between the axial force 1s such that the
spool 346 remains 1n the original position when no electrical
power 1s provided to the coil 338. In other words, the elec-
tronically controlled valve 314 remains 1n the first position
when no power 1s supplied to the coil 338.

As a variation of the rod guide assembly 300, the shock
absorbers 20, 26 may include a rod guide assembly 360. With
reference to FIGS. 19 and 20, the rod guide assembly 360 1s
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similar to the rod gmide assembly 300 1n that the solenoid
assembly of the electronically controlled valve 1s disposed
between the upper rod guide and the lower rod guide, and 1s
clectronically coupled to the spool via an actuating pin. The
rod guide assembly 360 includes a solenoid assembly 400, as
described in detail below, 1n lieu of the solenoid assembly 343
of the rod guide assembly 300.

The rod gmide assembly 360 includes an upper rod guide
362, alower rod guide 364, a valve assembly 366, and a PCB

assembly 368. The valve assembly 366 forms one or more
clectronically controlled valves 370. In the example embodi-
ment, the valve assembly 366 has four electronically con-
trolled valves 370.

Various features described with regard to the rod guide
assembly 100 and/or the rod guide assembly 300 may not be
represented 1 FIGS. 19 and 20 for the rod guide assembly
360 for the purpose of brevity. However, it 1s readily under-
stood that such features are also included 1n the rod guide

assembly 360 even if not shown. For example, 1t would be
readily understood that the PCB assembly 368, includes a
PCB, a PCB locator, and a wire assembly.

The upper rod guide 362 has a central shatt 372 which
defines a central aperture 374. The bearing 124 1s disposed 1n
the central shaft 372. The seal 302 1s disposed between the
upper rod guide 362 and the lower rod guide 364. Specifically
the seal 302 1s disposed at a seal cavity 376 defined by the
lower rod guide 364.

The lower rod guide 364 has a central shait 378 with an
annular shoulder 380 extending from the central shaft 378.
The central shaft 378 defines a central aperture 382 which
aligns with the central aperture 374 of the upper rod guide
362. The central shaft 378 defines one or more radial ports
130. The slip ning 136 and the retainer ring 334 are disposed
within the central shaft 322 of the lower rod guide 306.

An orifice tube 386 which 1s similar to the orifice tube 258
1s arranged along the outer surface of the central shaft 378 of
the lower rod guide 364. The orifice tube 386 defines the holes
140 which align with the radial port 130 of the lower rod guide
364. The orifice tube 386, like the orifice tube 258, has a
cylindrical body 388 with an annular plate 390 extending
from the cylindrical body 388. The annular plate 390 acts like
a stop plate for the spool 346 of the electronically controlled
valve 370. Specifically, the orifice tube 386 1s arranged such
that the annular plate 390 1s disposed between the lower rod
guide 364 and a valve flow guide 398 of the valve assembly
366.

With the orifice tube 386, the rod guide assembly 362 may
utilize an outlet reservoir 392. The outlet reservoir 392 has a
cylindrical body 394 with a base 396. The base 396 performs
as a stop plate for the spool 346, such that the spool 346 travels
between the annular plate 390 of the orifice tube and the base
396 of the outlet reservoir 392. It1s readily understood that the
rod guide assemblies 100, 300 may be configured to include
the outlet reservoir 392 and/or the orifice tube 386. Similarly,
the rod guide assembly 362 may be configured to include the
outlet reservoir and/or the orifice tube of the rod guide assem-
blies 100, 300.

The valve assembly 366 includes a valve tlow guide 398,
one or more solenoid assemblies 400, and spools 346. The
valve tlow guide 398 defines a valve inlet 402, valve outlets
404, and provides a metering edge 406 for each of the elec-
tronically controlled valves 370. The metering edge 406
aligns with metering lands 408 of the spool 346. The valve
flow guide 398 further defines a spool chamber 410 which
houses the spool 346. The valve ilet 402 aligns with the hole
140 of the orifice tube 386 and the radial port 130 of the lower
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rod guide 364. The valve flow guide of the rod guide assembly
360 may be made of plastic, ceramic, or a non-magnetic
metal.

The solenoid assembly 400 1ncludes a coil 412, an actuat-
ing pin 414, and a return spring 416. The coil 412 1ncludes

terminals 418 which are electrically coupled to the PCB of the
PCB assembly 368. The solenoid assembly 400 1s aligned

with the PCB assembly 368 and the lower rod guide 364 by
way of a retainer 420 which includes a first member 422 and
a second member 424. The second member 424 1s similar to
the PCB retainer 340 of the rod guide assembly 300. More
particularly, the second member 424 defines multiple bores
426 for housing the solenoid assembly 400. The second mem-
ber 424 further forms an enclosure between the upper rod
guide 362 and the lower rod guide 364. The second member
424 also interfaces with the seal 302 and retains the o-ring 200
disposed on a surface of the lower rod guide 364.

The first member 422 1s disposed over the second member
424. The first member 422 defines a slot 428 through which
the terminal 418 of the solenoid assembly 400 extends
through. The PCB assembly 368 is disposed over the first
member 422. Accordingly, the solenoid assembly 400 1s
securely positioned between the upper rod guide 362 and the
lower rod guide 364 by way of the retainer 420.

The actuating pin 414 has a step down diameter configu-
ration in which a head 430 of the actuating pin 414 has a larger
diameter than a body 432 of the actuating pin 414. The head
430 1s positioned adjacent to the coil 412 within the solenoid
assembly 400. The body 432 extends through the lower rod
guide 364 and the orifice tube 368, and abuts with the spool
346. The return spring 416 1s disposed around the body 432
and 1s adjacent to the head 430. The return spring 416 exerts
a force upon the actuating pin 414 to hold the actuating pin
414 down and away from the coil 412. The actuating pin 414
can be made of a magnetic material. The spool 346 1s con-
tinuously contacting the actuating pin 414 by way of the push
spring 354.

The solenoid assembly 400 operates in a similar manner as
the coi1l 338 and the actuating pin assembly 344 of the elec-
tronically controlled valve 314 of the rod guide assembly 300.
More particularly, as part of the electronically controlled
valve 370, when power 1s supplied to the coil 412, the actu-
ating pin 414 1s displaced until 1t 1s adjacent to the coil 412,
thereby closing an air gap between the coil 412 and the
actuating pin 414. Accordingly, the spool 346, which is 1n
continuous contact with the actuating pin 414, also displaces,
thereby placing the electronically controlled valve 370 in the
second position. Once power to the coil 412 1s removed/
reversed, the magnet flux dissipates and the actuating pin 414
1s displaced to 1ts original position via the return spring 416.
Accordingly, the spool 346 1s also displaced to its original
position, thereby placing the electronically controlled valve
370 1n the first position.

Similar to the rod guide assembly 100, the rod guide
assemblies 300, 360 utilize a multi-piece valve assembly for
the electronically controlled valves 314, 370. More particu-
larly, the valve flow guides eliminate the need for high preci-
s1on internally machined grooves for forming the valve inlet,
the valve outlet and the metering edges, thereby reducing the
cost of electronically controlled valve.

With regard to the rod guide assembly 300, 360, the elec-
tronically controlled valve includes a solenoid assembly
which 1s disposed between the upper rod guide and the lower
rod guide. The solenoid assembly decouples the magnetic
requirements from the hydraulic requirements for the sub-
components. Specifically, the solenoid assembly optimizes
the magnetic requirements designed to translate axial motion
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to the spool of the electronically controlled valve. Accord-
ingly, the spool and even the valve flow guide may now be
made of an alternative material like plastic, ceramic, or non-
magnetic metals. Thus, the cost of the rod guide assembly
300, 360 may be reduced.

The solenoid assembly further optimizes the magnetic flux
path to achieve the desired peak and hold currents to move the
actuating pin. The entire magnetic flux may be contained
within the solenoid assembly. Thus, the retainer which holds
the solenoid assembly may be made of metallic or non-me-
tallic matenials, thereby reducing the cost of the rod guide
assembly.

Furthermore, by having the seal 302 disposed between the
upper rod guide and lower rod guide, the drainback passage
(1.e., dramnback port 332) 1s simplified 1n comparison to the
drainback passage 156 of the rod guide assembly 100. The
drainback passage of the rod guide assembly 300 shown 1n
FIG. 16 can be formed using axial motion of a manufacturing
tool, whereas the drainback passage 156 of the rod guide
assembly 100 required cross-drilled holes which adds cost to
the lower rod guide.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Individual
clements or features of a particular embodiment are generally
not limited to that particular embodiment, but, where appli-
cable, are interchangeable and can be used 1n a selected
embodiment, even if not specifically shown or described. The
same may also be varied in many ways. Such variations are
not to be regarded as a departure from the disclosure, and all
such modifications are intended to be included within the
scope of the disclosure.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those who
are skilled 1n the art. Numerous specific details are set forth
such as examples of specific components, and devices to
provide a thorough understanding of embodiments of the
present disclosure. It will be apparent to those skilled 1n the art
that specific details need not be employed, that example
embodiments may be embodied in many different forms and

that neither should be construed to limit the scope of the
disclosure. In some example embodiments, well-known pro-
cesses, well-known device structures, and well-known tech-
nologies are not described in detail.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” may be intended to include the plural forms as well,
unless the context clearly indicates otherwise. The terms

Gﬁcomprises:? e -2 B

comprising,” “including,” and “having,” are
inclusive and therefore specily the presence of stated fea-
tures, elements, and/or components, but do not preclude the
presence or addition of one or more other features, elements,
components, and/or groups thereof.

When an element or layer 1s referred to as being “on,”
“engaged to,” “connected to,” or “coupled to” another ele-
ment or layer, 1t may be directly on, engaged, connected or
coupled to the other element or layer, or intervening elements
or layers may be present. In contrast, when an element 1s
referred to as being “directly on,” “directly engaged to,”
“directly connected to,” or “directly coupled to” another ele-
ment or layer, there may be no intervening elements or layers
present. Other words used to describe the relationship
between elements should be interpreted 1n a like fashion (e.g.,

“between” versus “directly between,” “adjacent” versus
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“directly adjacent,” etc.). As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

Spatially relative terms, such as “inner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as 1llustrated 1n the figures. Spatially relative terms
may be intended to encompass different orientations of the
device 1 use or operation in addition to the orentation
depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

What 1s claimed 1s:

1. A shock absorber comprising:

a piston rod;

a first rod gmde member concentrically disposed about the
piston rod;

a second rod gmide member concentrically disposed about
the piston rod and adjacent the first rod guide member;
and

an electronically controlled valve assembly including:

a coil assembly having at least one coil fixedly disposed
along an annular member, and

a valve guide assembly disposed adjacent the coil
assembly and concentrically disposed about the sec-
ond rod guide member, the valve guide assembly
includes a spool and defines a valve mlet, a valve
outlet, and a chamber, the spool 1s disposed within the
chamber and controls the flow of fluid between the
valve inlet and the valve outlet; wherein

the valve guide assembly includes a plurality of valve
rings, the plurality of valve rings are concentrically dis-
posed about the second rod guide member and define the
valve 1nlet, the valve outlet, and the chamber; the shock
absorber further comprising;:
multiple metering discs having an annular profile and a

metering edge,

wherein the metering discs are disposed between the plu-
rality of valve rings, such that the metering discs are
adjacent to the valve outlet and the valve inlet and align
with a metering land of the spool.

2. The shock absorber of claim 1 further comprising:

a printed circuit board assembly disposed between the first
rod guide member and the second rod gumide member,
wherein the printed circuit board assembly 1s electrically
coupled to the coil assembly.

3. The shock absorber of claim 1 further comprising:

an outlet reservoir retaining hydraulic fluid, wherein the
valve guide assembly 1s substantially disposed within
the outlet reservoir such that fluid retained 1n the outlet

reservolr substantially encompasses the valve outlet and
the valve 1nlet.

4. The shock absorber of claim 1 wherein

the second rod guide member includes a central shait and a
plate extending radially from the central shaft, and

the coil assembly abuts with the plate of the second rod
guide member.
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5. The shock absorber of claim 1 further comprising:

a stop plate, wherein the stop plate 1s disposed adjacent to
the electronically controlled valve assembly, such that
the spool travels axially between the stop plate and the
coil assembly.

6. A shock absorber comprising:

a piston rod;

a first rod guide member concentrically disposed about the
piston rod;

a second rod guide member concentrically disposed about
the piston rod and adjacent the first rod guide member;
and

an electronically controlled valve assembly including:

a coil assembly having at least one coil fixedly disposed
along an annular member, and

a valve guide assembly disposed adjacent the coil
assembly and concentrically disposed about the sec-
ond rod guide member, the valve guide assembly
includes a spool and defines a valve inlet, a valve
outlet, and a chamber, the spool 1s disposed within the
chamber and controls the tlow of fluid between the
valve inlet and the valve outlet; wherein
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the valve guide assembly includes a metering sleeve dis-
posed within the chamber with the spool, wherein the
metering sleeve has metering edges that align with a
metering land of the spool to control the flow of tluid
between the valve inlet and the valve outlet.

7. The shock absorber of claim 6 further comprising:

a printed circuit board assembly disposed between the first
rod guide member and the second rod gumide member,
wherein the printed circuit board assembly 1s electrically
coupled to the coil assembly.

8. The shock absorber of claim 6 further comprising:

an outlet reservoir retaining hydraulic fluid, wherein the
valve guide assembly 1s substantially disposed within
the outlet reservoir such that fluid retained 1n the outlet
reservoir substantially encompasses the valve outlet and
the valve inlet.

9. The shock absorber of claim 6 further comprising:

a stop plate, wherein the stop plate 1s disposed adjacent to
the electronically controlled valve assembly, such that
the spool travels axially between the stop plate and the
coil assembly.
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